The co-ordinated regulation of oncogenes along with miRNAs play crucial role in carcinogenesis. In retinoblastoma (RB), several miRNAs are known to be differentially expressed. Epithelial cell adhesion molecule (EpCAM) gene is involved in many epithelial cancers including, retinoblastoma (RB) tumorigenesis. EpCAM silencing effectively reduces the oncogenic miR-17-92 cluster. In order to investigate whether EpCAM has wider effect as an inducer or silencer of miRNAs, we performed a global microRNA expression profile in EpCAM siRNA knockdown Y79 cells. MicroRNA profiling in EpCAM silenced Y79 cells showed seventy-three significantly up regulated and thirty-six down regulated miRNAs. A subset of these miRNAs was also validated in tumors. Functional studies on Y79 and WERI-Rb-1 cells transfected with antagomirs against two miRNAs of miR-181c and miR-130b showed striking changes in tumor cell properties in RB cells. Treatment with antimiR-181c and miR-130b showed significant decrease in cell viability and cell invasion. Increase in caspase-3 level was noticed in antagomir transfected cell lines indicating the induction of apoptosis. Possible genes altered by EpCAM influenced microRNAs were predicted by bioinformatic tools. Many of these belong to pathways implicated in cancer. The study shows significant influence of EpCAM on global microRNA expression. EpCAM regulated miR-181c and miR-130b may play significant roles in RB progression. EpCAM based targeted therapies may reduce carcinogenesis through several miRNAs and target genes.
Introduction
Retinoblastoma (RB) is an aggressive eye cancer of infancy and childhood. Several over expressed genes have been reported in retinoblastoma (RB) [1] [2] [3] . Epithelial cell adhesion molecule (EpCAM) is a type I transmembrane glycoprotein over expressed in RB [3] . Several epithelial cancers show up regulation of this protein and it has been considered as a potential molecule for targeted therapy [4] [5] [6] [7] . The functional significance of EpCAM gene was earlier reported by gene knockdown studies. The study suggested deregulated pathways through differential gene expression profiles on EpCAM silencing [8] .
MicroRNAs (miRNAs) are non-coding single stranded small RNA molecules; typically 18-23 nucleotides in length. MicroRNAs are important biological regulators of genes. They prevent the increase in target mRNA levels in cells to maintain the cell metabolism. MicroRNAs control key cellular processes like proliferation, differentiation and apoptosis. The aberrant expression of miRNAs have been identified in various pathologies such as neurodegeneration [9] , cardiovascular [10] , pulmonary [11] , and various cancers [12] . Silencing of EpCAM gene by RNA interference significantly altered the expression of oncogenic microRNA 17-92 cluster [13] . Over expression of miR-17-92 cluster was reported in RB tumours and importance of these miRNAs in RB tumorigenesis was studied through antagomir transfection in Y79 RB cells by our group [13] . Similar to RB, the potential oncogenic nature and over expression of the polycistronic miR-17-92 cluster was reported in other cancers [14, 15] . The tumor suppressor role of miR-34a [16] , miR-22 [17] , miR-449a/b [18] have also been implicated in RB. In this study we investigated the global microRNA expression affected by EpCAM gene in RB.
We report here that EpCAM silencing resulted in up regulation of 15 miRNA families and down regulates the expression of 25 miRNA families in RB. In addition, miR-181c and miR-130b were thoroughly studied in RB cell lines, on knockdown of EpCAM. Antagomirs against these families lead to decrease in the invasive phenotype and increase in apoptosis. In conclusion, miRNAs regulated by EpCAM have shown to have a potential role in RB progression. Targeting EpCAM regulated miRNAs can aid in formulating therapies against RB. India), Human EpCAM siRNA (Hs_TACSTD1_10; catalogue number SI04343416; Forward strand: GGA ACU CAA UGC AUA ACU ATT and the reverse strand: UAG UUA UGC AUU GAG UUC CCT) and scrambled siRNA (1022563, Qiagen, India), antagomirs: miR-181c (426854-00; miRCURY LNA Power Inhibitor, EXIQON, Denmark) and miR-130b (426777-00; miRCURY LNA Power Inhibitor, EXIQON, Denmark).
RNA extraction and PCR components
Trizol reagent (Invitrogen, India), miRNA oligos (Eurofins MWG Operon, Bangalore, India), SYBR Green small RNA assay kit (MIR Q-100; Invitrogen, India), NCode First Strand cDNA Synthesis Kit (Invitrogen, India).
Western blot reagents
EpCAM antibody (C-10, Santa Cruz, India), b-actin antibody (Sigma Aldrich, Bangalore, India), SuperSignal West Femto Substrate (Thermo Scientific, India)
Assay kits
Caspase-3 assay (Roche Diagnostics, India), BioCoat Matrigel invasion assay kit (354481; Becton Dickinson Biosciences, India).
Instruments
Spectramax-M4 micro plate reader (Molecular Devices, CA, US), Bioanalyzer (2100; Agilent, Palo Alto, CA).
Methods

Tissue samples
RB tumors were collected from children diagnosed with RB. Informed written consent was obtained by Medical Research Foundation, Sankara Nethralaya from the parents/guardians of RB patients for the use of tumor samples from enucleated eyeballs. Three adult non-neoplastic retinas were taken from donor cadaveric eyes received at our CU Shah Eye Bank. This project was reviewed and approved by the ethics committee of Vision Research Foundation Institutional Review Board. The committee agreed and confirmed that the study was acceptable and under the general principles of research and in accordance with the Helsinki Declaration (Project Ethics code: 146-C-2009-P).
Cell culture
RB cell lines, Y79 and WERI-Rb-1 were cultured in RPMI-1640 media containing 10% FBS and 1X-antibiotic and antimycotic solution. Cells were cultured in flasks at 37˚C and 5% CO2.
EpCAM siRNA transfection
Gene silencing of EpCAM expression was performed as described previously using sequence specific siRNA and transfection reagents [13] . Prior to transfection, six well plates were coated with Poly-L-lysine (PLL) to make the RB suspension cells adhere to the bottom of each plate. Briefly, 26105 cells/well were plated onto PLL coated six well plates. Complete serum rich RPMI-1640 media was added and cells were allowed to grow for 24-72 hr (until they were 40%-60% confluent). siRNA transfection was carried out as earlier described [13] .
RNA extraction from tissues and EpCAM siRNA treated RB cells
Total RNA was extracted from the siRNA treated, untreated RB cells, RB tumor samples (100-300 mg tissue) and non-neoplastic retina (control), using Trizol reagent according to manufacturer's instruction. Each pellet was air dried and dissolved in RNase free water and stored at 280˚C until further use. RNA concentration and purity was checked by UV Spectrophotometry.
MicroRNA expression profiling using microarray
Microarrays were performed in triplicates for Y79 cell line. The cell line RNA was extracted from treated and untreated cells, followed by a quality check using Bioanalyzer. Hybridization was performed for the biological triplicates. The microarray was then carried out as described previously [19] .
Relative microRNA quantification by real-time quantitative and reverse transcriptase PCR
The detection and quantification of mature miRNA was achieved using real-time PCR. The expression level of miRNAs were quantified in triplicates by qRT-PCR using the human SYBR Green small RNA assay kit. The reverse transcription reaction for miRNA-specific cDNA synthesis was carried out with The NCode First Strand cDNA Synthesis Kit. Quantification was carried out using the manufacturer's protocol starting with 10 ng of the total RNA sample. U6b small RNA was used as a control for normalization. The PCR products were detected with an ABI PRISM 7500 sequence detection system and analysed with the ABI PRISM 7500 SDS software version 2.0.1. The cycle threshold value (C t ) was determined for each miRNA, and the relative amount of each miRNA to U6b small RNA was calculated using the equation -2 Antagomir transfection in Y79 and WERI-Rb-1 Retinoblastoma cells Briefly, 6610 5 cells/well were seeded in 6 well plates. Cells were allowed to grow until 50-60% confluent in antibiotic free medium. Antagomirs, miR-181c and miR-130b were transfected and incubated for 24 hr. Antagomirs were prepared at a final concentration of 100 pmol using RNA dilution buffer.
Cell viability assay
MTT assay was performed on antagomir transfected Y79 and WERI-Rb-1 cells. 5610 3 cells were seeded in each well of a 96 well plate. Antagomirs of miR-130b and miR-181c were transfected with opti-MEM media with 20 pmol of miRNA. Opti-MEM media was replaced after 4 hrs of incubation with complete RPMI-1640 media. Readings were taken at 560 nm absorbance.
Flouorometric caspase-3 assay
Apoptosis marker caspase-3 level was measured in antagomir (miR-130b, miR181c) treated cells by fluorometric caspase-3 assay. Briefly, 2610 6 cells were taken and washed with ice cold PBS. Cells were centrifuged at 3006g for 5 min. The cells were resuspended in RIPA (Radio immune precipitation assay; 10 mM TrisCl (pH 8.0), 1 mM EDTA, 0.1% SDS, 140 mM NaCl and 1 mM PMSF) lysis buffer followed by centrifugation at 120006g. The supernatant was transferred to a 96 well plate pre-coated with antibodies followed by 1 hr of incubation at 37˚C. The solution was removed and washed using a wash buffer. Substrate was added and incubated for 2 hrs at room temperature (RT). Fluorescence reading was taken at l max ex5420 nm and l max em5480 nm using micro plate reader.
Matrigel invasion assay
The cell invasion assay was conducted with BioCoat Matrigel. The matrigel chambers were incubated at 37˚C for 2 hrs. Briefly, 2610
5 cells per well in 1 ml of serum free medium (Opti-MEM) were seeded into pre-coated matrigel chambers. As chemo-attractant, 1 ml of complete medium was added to the bottom of each well. To the seeded cells, a prepared complex of 10 ml Lipofectamine-2000 and 100 pmol antagomir was added and incubated for 12 hrs. Serum free media was then replaced with complete serum media. After 48 hrs of transfection, matrigel was swabbed with pre wetted cotton. The lower surface of the chamber was fixed with 0.5 ml of methanol for 2 min. Fixed cells were stained using Crystal Violet and finally rinsed with water and air dried. Several fields of invaded cells were counted under inverted microscope in triplicate experiments. The percentage of invasion was calculated according to the following formulae.
% Invasion~M ean of cells invading through Matrigel insert membrane Mean of cells invading through control insert membrane
| 100
Western blot analysis Y79, WERI-Rb-1 and MCF-7 cells were lysed in mammalian cell lysis buffer using a sonicator (22.5 KHz, 3615 sec) on ice for 15 min. 100 mg of protein was electrophoresed with 12% sodium dodecyl sulfate-polyacrylamide gel and blotted onto nitrocellulose membrane. Membranes were blocked in 5% BSA and then incubated separately with 1:500 diluted mouse monoclonal primary antibody against EpCAM overnight at 4˚C. b-actin was used as a loading control (1:5000). After washing, the membranes were incubated with horseradish peroxidaseconjugated anti-mouse IgG antibody (1:2000) for 1 hr at RT. The bands were developed using luminol reagent and images captured in a Chemidoc system.
Bioinformatics prediction of target genes for miRNA and chromosomal locations
Target genes, their respective gene ontologies (GO terms) and pathways were predicted for all the significant differential miRNAs of Y79 using GeneSpring GX version 11.5 software. A Cytoscape imaging tool was used to draw the microRNA and important target gene interactions for miR-130b and miR-181c [19, 20] . TAM (The tool for annotations of human miRNAs) tool was used for miRNA classification (File S 1).
Statistical analysis
All the Real time data analysis was performed using ABI-7500 software version-2.0.1. Data was normalized according to default parameters. Correlation statistics were checked with Graph pad prism version-6. The microarray raw data files were imported to Gene Spring GX software version 11.5 for log 2 transformation. Signal cut-off measurements were set to 1.0, and normalized to 90th percentile of signal intensity to standardize each chip for cross-array comparison. Significant differential miRNAs were obtained by using unpaired Student's t test with p-value cut off ,0.05.
Results
Clinico-pathological information of RB tumors
The clinico-pathological features of RB tumors studied for EpCAM (n530) and miRNA (n520) provided in S1 Table. The mean ¡SD of patients included in the study was 3.3¡2.1 years and comprised of 18 boys and 16 girls. All the RB tumors were unilateral. Thirteen cases without any invasion of optic nerve or choroid and twenty one cases with invasion of either optic nerve, choroid or both were chosen.
Quantification of EpCAM by qRT-PCR shows high expression and siRNA knockdown for EpCAM leads to down regulation
All the 30 RB tumors showed EpCAM mRNA expression in qRT-PCR validation (Fig. 1A , S1 Table) . In our study 60% RB tumors (n530) showed more than 5 fold expression of EpCAM. EpCAM protein levels decreased in both Y79 and WERI-Rb-1 cells on silencing with EpCAM siRNA. MCF-7 cells were used as positive control showed EpCAM expression (Fig. 1B) .
Microarray analysis revealed differential expression of miRNAs in EpCAM silenced Y79 cells
For miRNA microarray data, differential miRNAs was filtered using two criteria; (1) a log2 fold change geo mean cut off level of.50.8 for up regulated and a log2 fold change geo mean cut off of ,50.8 for down regulated miRNAs [21] , and (2) a significant p-value (,0.05) derived from student's t-test. Based on the above screening, we obtained 73 up regulated miRNAs and 36 down regulated miRNAs in Y79 EpCAM knockdown cells (S1 and S2 File). MicroRNA classification identified more number of down regulated families than up regulated ones. Significant among the up regulated families were miR-154, and miR-30. The most significant down regulated families were miR-17, -181, -15, -320 and Let-7 family. We have chosen two miR families which were down regulated in post-EpCAM knockdown and therefore likely to be oncogenic. Primary RB tumors showed high expression of miR-130b family and miR-181 family members
The importance of miR-181 and miR-130 families were further tested in 20 tumors. Quantitative real time PCR method was used to find the expression of miR-130 and miR-181 family members. The mean fold changes of miRNAs were found to be 0.8¡1.2 for miR-181b, 1.3¡0.6 for miR-181c, 1.1¡2.0 for miR-181d (Fig. 2B) , 2.0¡2.3 for miR-130a and 7.6¡9.1 for miR-130b (Fig. 2C) , respectively.
Functional role of miR-130b and miR-181c in retinoblastoma cell line in proliferation, invasion and apoptosis
The functional importance of the tumor significant miRNAs was dissected by performing cell based assays on inhibiting miR-181c and miR-130b. Standardisation with miR specific antagomirs showed significant decrease in miR130b and miR-181c in treated Y79 and WERI-Rb-1 cells (p,0.05**). Down regulation of miR-130b, miR-181c was 20.4 and 20.6 fold in Y79 cells and 20.1 and 20.01 fold in WERI-Rb-1 cells (Fig. 3) . Antagomirs were used for the inhibition of miR-130b and miR-181c. Cell proliferation decreased significantly; 41.9% (Y79 cells) for miR-181c and 32.8% (Y79 cells) for miR-130b antagomir treated cells (p,0.05*). In treated WERI-Rb-1, decrease in cell proliferation by 32.5% for miR-181c and 41.1% for miR-130b (p,0.05*) were seen (Fig. 4A) .
b) Cell invasion reduced in antagomir (miR-181c and miR-130b) transfected Y79 and WERI-Rb-1 cells
Cell invasion assay in Y79 cells show that on inhibiting miR-130b and miR-181c, migration decreases by 20% and 15%, respectively (p,0.05*) (Fig. 4B, S3 File) .
Percentage decrease was 17% for miR-181c and 20% for miR-130b in WERI-Rb-1 cells (p,0.05*) (Fig. 4C, S3 File) . (Fig. 5A, B) . U937 cells treated with camptothecin were used as positive control cells (data not shown).
Correlation of EpCAM expression and miR-130b, miR-181c in primary RB tumors
To investigate whether a correlation in expression indeed exists between the miR studied and EpCAM in RB, we performed correlation analysis. However, there was no positive correlation observed between EpCAM and miR-130b, miR-181c members.
In silico chromosomal mapping for differential microRNA of EpCAM
Significant microRNAs mapping to different chromosomal regions, show that among the miRNA that were down regulated distribution was limited to; 20% on ChrX (miR-362, miR-532, miR-500*, miR-500, miR-501*, miR-532* & miR-98), 12.5% on Chr9, 10% on Chr13, and 7.5% on Chr1 and 7 (S4 File). Up regulated miRNA had similar localised distribution; 9.3% on Chr19 (miR-150*, miR-125a*, miR-520b, miR-371), 9.3% on Chr14 (miR-127*, miR-382, miR-485, miR-300, miR-494, miR-134), 8% on Chr1, 6.6% on Chr16 as well as 6, 5.3% ChrX and Chr4 (S5 File). 
Discussion
High expression of EpCAM supports tumor progression in RB [3, 8] . In depth studies demonstrated that EpCAM acts as a potent signal transducer that uses components of the Wnt pathway, with an active involvement in cell proliferation [22, 23] . We postulated that EpCAM may influence multiple microRNA clusters/ families in RB.
In the current study, silencing EpCAM in Y79 cells showed 109 significantly differentially expressed miRNAs in microarray profiling. This includes our earlier reported miR-17-92 cluster [13] . Further classification of these miRNAs identified miR-181 [24, 25] , miR-17 [26] , miR-320 [27] , miR-130 and Let-7 [28] as significantly down regulated families. miR-15, miR-23, and miR-27 though not reported in RB have some of their members associated in other cancers [29] .
We selected two microRNA families, miR-181(miR-181b, miR-181c and miR181d) and miR-130 (miR-130a and miR-130b) families based on their previous association with EpCAM and literature reports of cancer to find out their role in RB tumor cell proliferation. Previous studies on miR-181 family in hepatocellular carcinoma showed a regulatory link between miR-181 family and EpCAM positive cancer cells [24, 25] . The oncogenic potential and over expression of miR-130b was reported in multiple cancers; colorectal [30] , gastric [31, 32] , and renal carcinoma [33] . High expression and the oncogenic role of miR-130a is also observed in colorectal [34] and ovarian cancers [35] . In a cohort of twenty tumors, we consistently observed high expression of miR-181 family members and miR-130b family. Significantly expressed miR-181c and miR-130b (p,0.05) were taken for antagomir studies to investigate their functional role associated with RB.
In vitro functional studies; cell viability, apoptosis and cell invasion study were performed using antagomirs of miR-130b and miR-181c in Y79 and WERI-Rb-1 cells. Cell viability assay shows that viability was decreased significantly in both Y79 and WERI-Rb-1. The decrease of cell viability for anti-miR-130b is less in Y79 compared to anti-miR-181c in Y79 cells. In contrast decrease in cell viability is more for anti-miR-130b compared to anti-miR-181c treatment in WERI-Rb-1 cells. To support this, we analysed caspase-3 cascade in Y79 and WERI-Rb-1 cells. Increase in fluorescence of caspase-3 in both miR-181c, and miR-130b antagomir treated Y79 and WERI-Rb-1 cells confirmed the role of these miRNAs in cell apoptosis. Subsequently, the inhibitory effect of these antagomirs on cell invasion was studied using Matrigel chambers. We observed a significant decrease in cell invasion in antagomir treated Y79 cells but not noticeably in WERI-Rb-1 cells. It may be noted that WERI-Rb-1 cells are known to be less invasive [36] .
Gene ontologies were predicted for miR-181c and miR-130b targeted genes. We found that many genes were implicated in Wnt signalling and other important pathways which play a major role in tumorigenesis. We sought to investigate with bio-informatic tools whether differentially expressed miRNAs of EpCAM have any association with chromosomal aberrations. In silico chromosomal mapping was performed for differentially regulated miRNAs in EpCAM silenced Y79 data. We addressed the following queries based on the chromosomal locations of EpCAM regulated miRNAs; 1) The relationship between site fragility and miRNA density/ miRNA distribution on the chromosomes, 2) The locus of EpCAM gene versus the loci of miRNAs. It was observed that many miRNA were associated with ChrX, Chr9 and Chr13. Frequent chromosomal aberrations in RB were reported for ChrX and Chr13 [37, 38] , miR-181c which was up regulated in RB tumors is associated with 19p13 chromosomal gain region of RB [3, 39] . Among other significantly changing families, miR-101 and miR-30e are associated with Chr1p gain region [37] . Several of these play important functions in cancer [40] and immune disorders [41] . The complete set of miR-362, miR-532, miR-500*, miR-500, miR-501*, miR-532* and miR-98 located on ChrX had been reported with chromosomal gain region in B-cell lymphoma [42] . Unusually, miRNA which in our experimental data show up regulation on silencing EpCAM, are theoretically expected to be down regulated in tumors, since they are tumor suppressors. All of these are located in chromosomal gain regions in our bioinformatics analysis. This suggests that EpCAM mediates the control of these miRNA through multiple target genes and other protein interactions.
In conclusion, EpCAM a potential oncogene is a master regulator of several miRNAs and genes which are necessary for RB tumor progression. Existing literature has implicated many of these miRNA regulated by EpCAM in various types of cancers; it is likely that these miRNAs have a strong role in common cancer pathways. The miRNAs regulated by EpCAM control oncogenic, tumor suppressive and also metabolic functions. MiR-130b and miR-181c that we studied here affected RB cell proliferation, invasion and apoptosis. MicroRNAs can regulate multiple pathways in cancer through a complex and intricate network of gene interactions. It has also been suggested that they can be good therapeutic targets [43] . However, the large number of families affected as evidenced in this study and their very interactive nature makes them difficult candidates for therapy. It may be more worthwhile to target a potent cancer specific gene like EpCAM that controls several miRNA for RB tumor progression.
Supporting Information S1 
